A "ship of opportunity" program was launched as part of the Mediterranean Forecasting System Pilot Project. During the operational period (September 1999 to May 2000, six tracks covered the Mediterranean from the northern to southern boundaries approximately every 15 days, while a long eastwest track from Haifa to Gibraltar was covered approximately every month. XBT data were collected, sub-sampled at 15 inflection points and transmitted through a satellite communication system to a regional data centre. It was found that this data transmission system has limitations in terms of quality of the temperature profiles and quantity of data successfully transmitted. At the end of the MFSPP operational period, a new strategy for data transmission and management was developed. First of all, VOS-XBT data are transmitted with full resolution. Secondly, a new data management system, called Near Real Time Quality Control for XBT (NRT.QC.XBT), was defined to produce a parallel stream of high quality XBT data for further scientific analysis. The procedure includes: (1) Position control; (2) Elimination of spikes; (3) Re-sampling at a 1 metre vertical interval; (4) Filtering; (5) General malfunctioning check; (6) Comparison with climatology (and distance from this in terms of standard deviations); (7) Visual check; and (8) Data consistency check. The first six steps of the new procedure are completely automated; they are also performed using a new climatology developed as part of the project. The visual checks are finally done with a free-market software that allows NRT final data assessment.
Introduction
Frequent and timely in situ observations of the ocean temperatures are necessary for the assessment of the health of Correspondence to: G. M. R. Manzella (manzella@santateresa.enea.it) the marine environment and its changes, and to predict future trends. New sophisticated satellite observations provide a powerful system for ocean monitoring of, for example, the sea surface temperature, sea state, and surface winds. However, satellite observations need to be complemented with in situ measurements providing information on the internal thermohaline structure of the ocean.
A cost effective way to collect temperature profiles is offered by ships of opportunity, i.e. merchant vessels used operationally for the measurements of the upper thermal conditions of the ocean by means of eXpandable BathyThermographs (XBTs). These ships are part of the worldwide Ships Of Opportunity Program (SOOP) or Voluntary Observing System (VOS) if surface meteorological measurements are conducted along with the XBT collection. In the Mediterranean, XBTs represent the major contribution to the historical temperature data base (more than 155 000 XBTs vs. 50 000 bottles and CTDs in the MedAtlas data base -Medatlas Group, 1994) . This means that XBTs contribute substantially to our knowledge of the Mediterranean Sea large-scale circulation variability. However, the XBTs were collected sporadically for research purposes and a systematic VOS was never launched before MFSPP in the Mediterranean.
The role of the VOS-XBT sampling was re-considered in the '90s, as a consequence of the development of skilful models and data assimilation schemes, in conjunction with novel satellite observations, such as Sea Level and Sea Surface Temperature (SST) from satellites (Molinari, 1999) . In addition, the success of projects like the Tropical Oceans-Global Atmosphere (TOGA-McPhaden, 1996) pushed the international oceanographic community toward a combined usage of buoy networks, VOS-XBT measurements and satellite observations for the preparation of accurate initial conditions for El Nino predictions.
After 1990, the general development of what is called "operational oceanography" has posed new problems on the data management and delivery in NRT of VOS-XBTs. In 1999 , Smith et al. (1999 stated that: "all upper ocean thermal data are to be distributed as soon as in practical after measure- ments (preferably 12 h). The strong preference is to keep intervention to a minimum, perhaps just automated processes. There should be a well-supported second stream, which allows for improved quality control and scientific evaluation of the data sets."
Regarding the VOS XBT global data sets, the real-time data are actually released within 12 h from their collection, but at the cost of a heavy vertical sub-sampling of the profiles. This is required by the low bit rate satellite system provided by Argos (Du Penhoat, 1999) , the basic data transmission system of the Global Telecommunication System (GTS). The VOS-XBTs are distributed in NRT through the GTS to the meteorological services around the world that normally use only the near surface information to correct satellite SST (Reynolds, 1982) . However, in the framework of operational oceanography, the subsurface temperature profiles are becoming an essential data set. The subsampling of XBT profiles at inflection points, while generally reducing data transmission requirements, precludes any high level of quality control. Thus, it is evident that the subsampling of the profiles has to be eliminated from the NRT transmission procedures and new protocols for data quality assurance have to be developed. In addition, new systems for data transmission should be used that allow for the full resolution profile to be sent.
In the framework of the Mediterranean Forecasting System Pilot Project-MFSPP (Pinardi and Flemming, 1998; Pinardi et al., 2003) , particular care was put on the development of protocols for the quality assurance of data collected operationally during the project, including "quality assurance of field work" (Manzella and MFS-VOS Group, 2002) , "quality assurance of the NRT data" (MFS-VOS Group, 2000) and quality assurance of delayed mode data (Medatlas Group, 1994) .
The data received in NRT were quickly compared by means of a broad range check with existing climatology. It was immediately evident that the method used to sub-sample the full resolution profiles was problematic in areas where different water masses interleave. Many inversions in temperature profiles could not be selected adequately by simple decimation software, with a limited number of inflection points.
In this paper, we describe the MFSPP VOS system in its totality and complexity. We then assess its functioning and show the limitations of the conventional VOS data management system. In addition, we develop and demonstrate a novel quality control procedure for full resolution profiles. We believe this procedure is in line with Smith's concept of "a well-supported second stream, which allows for improved quality control and scientific evaluation of the data sets". Thus, the final aim of the paper is to show the limitations of the generally accepted global VOS-XBT system and to develop the new methodology for future NRT VOS-XBT systems with higher quality standards. This paper reviews the MFSPP VOS system in Sect. 2, together with the relevant XBT climatological data set. In Sect. 3 we present the assessment of the operational MF-SPP NRT data management system and develop the concept of the NRT Quality Controlled XBT data management (NRT.QC.XBT). The discussion and conclusions are offered in Sect. 4.
Data and methods

MFSPP-VOS program
For the first time, MFSPP implemented a basin wide operational monitoring system of the Mediterranean based on XBT data collection on VOS. The main characteristics of the system were the near-real-time data delivery, the open and user friendly access to near-real-time data through the project web page, and the high time and space resolution. The project, which has been part of the IOC-WMO Ships of Opportunity Programme, developed protocols and common methodologies for data collection and transmission, in order to assure data comparability and compatibility (MFS-VOS Group, 2000) .
The design of the routes was defined with the aim to detect the mesoscale variability in the Mediterranean Sea, across and along the main stream of waters of Atlantic origin, in areas of dense water formation and permanent/recurrent gyres. The leading idea was to detect the temporal and spatial variability along transects from boundary to boundary, in order to complement satellite data in the assimilation system for forecasting and in order to analyse independently only from data, the circulation variability in the Mediterranean sub-basins.
The details of the design in terms of start and end ports and alternative tracks are reported in Table 1 and shown in Fig. 1 . The monitoring period can be divided into three parts:
-the training phase, from September to November 1999; in this period the temporal sampling was one month and allowed the check of the protocols developed for data collection and the transmission system; The first two periods can be shortly called "operational periods". There have been some deviations from the normal schedule and nominal tracks, due to extreme weather conditions or ship unavailability. Other problems in the temporal sequences of the trips were due to strikes or unexpected changes in ship schedules or the suppression of trips. The data collection/transmission system was composed by the following hardware components: -IESM Argos transmitter including a second GPS necessary to the Argos software (www.cls.fr/html/argos/ ocean/xbt fr.html).
The Sippican software used during the pilot project was the version 3.03 running on Windows. The Argos software was expressly developed for the project on the DOS system. The data acquisition was managed through the Argos software, that started the Sippican software. At the end of the profile collection, the Argos software validated the profile (gross range checks in Table 2 ), selected 15 significant points, coded the data and transmitted them. Thus, the data collection-transmission system was completely managed by the IESM Argos unit.
Two kind of messages were transmitted through Argos: the message containing 7 GPS fixes and the one containing a pile of 12 XBT decimated profiles. The strategy consisted of sending 1 message GPS followed by 4 messages from the data pile. The pile was updated every hour.
The data management system was developed using the experience of the most important international programmes, such as IGOSS (International Global Ocean Services System) and SOOP-IP (Ships Of Opportunity Program, Implementation Panel) (UNESCO, 1999) and the experience gathered as part of the EU projects (Medatlas Group, 1994) . In summary, the following steps composed the data flow:
1. XBT profiles were acquired by means of the Sippican systems, stored in the PC hard disk in both rdf (raw data file) and edf (exchange data file) formats;
2. The edf files were quality controlled by the Argos software with a gross temperature check;
3. Sub-sampled profiles were generated and sent to the transmitter where a local logger stored up to 12 profiles; 4. Data were transmitted from the Argos service in Toulouse to the meteorological Global Telecommunication System (GTS) and to the ENEA centre in Italy (the XBT NRT Data Centre);
5. After a final control the decimated data were transferred to the project ftp site, openly accessible through WWW;
6. Each partner sent the full resolution profiles to ENEA for final check and storage. Cruise reports were also filled in order to have information on any problem encountered during the data collection.
Full resolution data were checked for elimination of spikes and small flickers. The first 5 m were eliminated since the signal was still contaminated by the air temperature. Furthermore, an along track visual data consistency check was done as described in Fusco et al. (2003) .
The general characteristics of the Mediterranean water masses were considered in order to adapt the existing Argos software for data transmission. In fact, the methodologies of data "decimation" and transmission developed for the ocean cannot be applied to the Mediterranean for many reasons:
-Vertical homogeneity -Vertically homogeneous profiles are usually found in particular areas of dense water formation (e.g. the northwestern Mediterranean, in the Adriatic, in the Aegean and portion of the Levantine basin) and also widely in the Ionian basin. The commonly used version of the Argos software was checking that the temperature difference between the upper and lower layers was greater than 2 • C; otherwise, the profile was not transmitted. In MFSPP the control was eliminated in order to provide data in vertically homogeneous areas. -LIW temperature increase -Sea surface layer temperatures are usually colder than at depth during winter in many Mediterranean areas. This unstable temperature gradient is compensated at depth by the salt associated with the presence of Levantine Intermediate Waters -LIW. The commonly used Argos software contained an "end of profile check" which automatically eliminated the part of the profile below 200 m having a temperature increase. In the oceans this can be due to strong currents encountered during the free-fall of the sensor. In the Mediterranean the increase in the temperature below 200 m is due to the presence of the relatively warm LIW, for this reason the "end of profile check" was eliminated.
-Number of significant points -The old software provided only those significant points (which could be less than 15) necessary to define the temperature profile.
The new version was always calculating 15 significant points from the surface down to 460 m.
The XBT historical data set and climatology
The existing climatology cannot capture the large interannual and decadal variability of the Mediterranean Sea water masses (e.g. Malanotte-Rizzoli et al., 1999; Hecht and Gertman, 2001 ). The intensive investigations of the Mediterranean Sea from '80s have shown dramatic changes in the circulation (Brankart and Pinardi, 2001; Demirov and Pinardi, 2002) , as well as in the physical and chemical characteristics of the sea. One of the consequences is that measurements are done in a changing environment, and that the spatial and temporal coverage of the Mediterranean Sea, provided up to now by the historical data, is unable to provide the necessary information on interannual/decadal variability. In order to develop new quality control procedures for NRT XBT, a new climatology for temperature profiles was constructed. During the period 1994-1998, an important effort was done by two European projects to collect all the historical oceanographic data existing in the Mediterranean Sea. This effort led to the provision of temperature and salinity climatological data sets (Brasseur et al., 1996) and protocol for quality assessment (Medatlas Group, 1994) . In particular, the MedAtlas project produced CD-Roms containing the historical data used to build the climatology. From these CD-Roms, the XBT data were extracted, for a total of about 70 000 profiles, and their spatial and temporal distribution checked on squares of 1 × 1 degrees. The original 155 000 XBT profiles used to build up the Medatlas climatology are not available yet.
As it usually happens, the spatial and temporal distributions of XBTs are uneven. In particular, it has been noted that the major part of the data in the eastern basin were collected during the '90s, a period during which this portion of the Mediterranean was affected by significant changes in its physical conditions (e.g. Lascaratos et al., 1999) . The spatial and temporal distributions of the data, shown in Fig. 2 , demonstrate that it is not yet possible to have satisfactory information on temperature variability. From Fig. 2 it appears that the major quantity of XBT data are along the major axis of the Mediterranean. The annual distribution of the XBT data in the Medatlas data set from 1966 to 1994 is shown in Fig. 3a . It is immediately evident that the 80's show a low amount of data. The data distribution by month seems less unequal in the entire Mediterranean (Fig. 3b) . However, there are areas where the data distribution is not acceptable for basic statistical analysis (first and second moments, i.e. mean and standard deviations).
We decided to compute a monthly mean climatology for each 1 • × 1 • square in the Mediterranean from the surface to 400 m. In view of the data scarcity problem illustrated above, the climatology was computed only in those geographical squares having a number of profiles greater than 15. The number of profiles used for each 1 • × 1 • square ranged from 15 to 359. The XBT data extracted from the Medatlas data set were interpolated linearly to have temperature data at each metre. The total number of climatological profiles (as well as their standard deviations) were 1604, for the entire climatological year. The results allowed the definition of the 21 homogeneous areas presented in Fig. 4 . Successively, the data collected from September 1999 to October 2000 were added to the climatological data sets. As an average, about 100 profiles were collected weekly in the entire Mediterranean during the operational period. These data increased the calculation of the statistics in 475 areas and added 47 new mean profiles (and standard deviations), always retaining the rule of a 15 profile minimum.
In many cases, the MFSPP data did not significantly change the mean profiles and the standard deviations, but there have been areas were the addition was quite evident. This implementation is observed in areas of passage of water masses (regions 2 and 13, see Appendix), or dense water formation (6) or areas where the statistics were biased toward a particular transient phenomena (region 17). Changes of 1-2 • C in mean and standard deviations could significantly change the results of the classical control procedures. Significant differences for area 19 were also calculated for the months of January, November, December, which are periods when the major amount of XBT data were out by 4 standard deviations with respect to the Medatlas only climatological calculations. The effects on the quality control of the significant changes in calculated profiles in certain areas can be easily assessed from of January and July starting from the 1 • × 1 • climatological data set. The standard deviations are shown, respectively, in Figs. 7a and b . In the Appendix, a short description of the mean and variability of each area is given.
Results
Assessment of the MFSPP-VOS NRT-XBT transmission system
The first assessment is based upon the quality of the decimated profiles in terms of the capability to reproduce the full resolution profiles with sufficient accuracy, and the efficiency of the transmission system. The comparison between the "decimated data sets" and "full resolution data sets" showed that two kind of data loss affected the MFSPP-VOS program: (a) data values in the profiles not transmitted because of the decimation; (b) entire profiles not transmitted due to the checks inside the Argos software. The type (a) data loss is shown in Figs. 8a-d where we present an XBT section reconstructed with decimated profiles (Figs. 8a and b) compared with the same section constructed with full resolution profiles (Figs. 8c and d) . It appears that the sub-sampled data in many cases do not provide information at greater depths; cores of relatively warm waters are lost and the thermocline variability is less pronounced with respect to the full resolution data. Thus, even the increase to 15 decimation points is not sufficient to recover the full resolution profile structures from the XBT data. The reason for this is due to the presence of many inflection points at the surface and the inability of the software to select the most significant ones.
The type (b) data loss was more dramatic. Unfortunately, the software was also unable to provide a sub-sampling of vertically homogeneous profiles. From the assessment at the end of the pilot project, it resulted that only 49% of all profiles were transmitted in real time (decimated form) during the period October 1999 to May 2000. A greater percentage (56%) of decimated profiles was transmitted during the autumn-spring periods (when the water column was stratified), while only a small percentage (20%) was transmitted during the winter period, when there was no stratification.
Another error that was found in the decimated near-real- time profile was the recording of an incorrect position, sometimes the position of a station being on land. Although it is not easy to understand the origin of this error, it was certainly due to transmission faults only. These position problems can be the result of the Argos algorithm used to calculate positions from the ship trajectory, which may cause the loss of the first message.
The final conclusion is that the decimation software, even if modified to better fit specific needs, has a cost/benefit ratio that is too large. There is no doubt that full resolution profiles are preferable since: (1) information on instrument faults is lost when the data are decimated, and (2) the complete position information is transmitted in full, eliminating this source of error.
In order to satisfy this new requirement, during the MFS extension period, a different data transmission methodology was applied along the track from Genova to Palermo. All data collected during the trip were compressed in a zip file and transmitted through GSM and the Internet. The maximum delay was 24 h from the first profile data collection. The file was sent to the ENEA centre in La Spezia. This strategy is still used, waiting for the full development of the satellite GSM.
Assessment of the VOS tracks
During a monitoring activity, instrument faults can occur as a consequence of malfunctioning of the acquisition system or technician errors. In order to correct some of the most common errors, the assessment of the MFSPP-VOS system also included an evaluation of the collection practices applied in each track. This evaluation was done by using the files produced by the Sippican software (delayed mode data: full resolution profiles and real position of each XBT drop). In general, each track cycle was quite satisfactory; the time interval between two consecutive transects was about 15 days, as required by the project. The completeness of the line sampling was only dependent on weather conditions and affected mainly track 3, crossing the Gulf of Lion.
Problems in the tracks emerged when the check on edf derived drop position was done. The check compared the actual distance between drops calculated from registered locations of drops and the distance that the ship would have covered assuming its nominal speed. The check was generally positive for all tracks, since less than 0.05% of incorrect positions were calculated. A low quality rate was unfortunately assigned to track 2, where the errors in the position were calculated to be about 18%, a result that indicates that operators were manually entering the wrong position information. 
A new strategy for NRT Quality Controlled XBT data management
In addition to the usage of modern telecommunication systems, it is necessary to develop a parallel stream of high quality, quality control XBT data that can be used for further scientific analysis. We call this strategy NRT Quality Controlled XBT data management, e.g. NRT.QC.XBT. These procedures could be used as a pre-processing of the full resolution profiles for data assimilation purposes or they can be used to produce second level, quality controlled data sets for climate variability analysis. These procedures can be NRT or almost totally automated after the arrival of the full resolution profile to a data collection centre. The actual strategy of the project is to provide access to both original edf files produced by the Sippican software and NRT.QC.XBT data. In this way all important information contained in the original files are not lost.
The basic idea of NRT.QC.XBT is to produce a temperature profile that is free of instrument failures and sensor malfunctioning signals, such as spikes. The majority of these problems are related to the wire: spiking is the result either of the wire touching the ship or of wire breaks which can result in data loss. Also, radio frequency interference can induce large spikes or hash, with the copper wire acting like an antenna. In the actual project procedures, the XBT full resolution profiles are checked visually before the NRT.QC.XBT procedures are applied. This allows one to retain information, such as the depth at which the probe hits the bottom. There is often a small spike associated with the mechanical jarring as the probe strikes the bottom. However, we have noted that this can be absent in muddy areas or more than one small spike can be found in the profile. In this last case, the operator could define the bottom depth in the NRT.QC.XBT profile from the information of nautical maps. The "bottom check" will be implemented in the future release of the software.
The NRT.QC.XBT procedure then proceeds with 7 steps that in synthesis are: The first 6 steps of the NRT.QC.XBT are now performed in an automated way. The software was developed by trying different methodologies. The leading idea was to assess the validity of such different methods for the different purposes of operational systems, and to choose those assuring the highest quality.
-Position control -Assuming that the first drop position of the track is correct, the other drop positions were checked as follows. Knowing the distance and time interval between two consecutive stations, a corresponding ship velocity is derived. If this one is less than the maximum nominal ship speed, the position is considered good, otherwise a "negative" flag is put in the output file. An implementation of the procedure could consist of correcting the "wrong" position by interpolation. This could be done after a check of the cruise report that the technicians on board the ships are requested to fill in.
-Elimination of spikes -A spike is identified by computing a median value of temperature in a chosen interval (3 m, i.e. 5 temperature points approximately) of the profile and comparing this median value with the original profile value at the central point of the interval. The spike is detected and removed if the difference between the value and the median is greater than an established tolerance (in this case 0.1 • C). The window interval on which to calculate the median and the tolerance was defined as an external parameter, to be changed by the operator. The spike is removed with a missing value. This does not create a problem for the final result, since an interpolation is applied after the spike elimination.
-Interpolation-All the data is re-sampled at a 1 metre interval by means of a polynomial fit.
-Smoothing -The smoothing is done with a Gaussian filter with 4 m of e-folding depth, with the aim to eliminate high frequency noise.
-General malfunctioning -The test is to check if the temperature gradient between the adjacent data is greater than a certain parametric value. This test does not eliminate any part of the profile, but only provides a "warning". The "final user" can decide to maintain the data where the gradient is very high or to delete them. This check is active where significant changes of temperature occurs. The difference between spike removal and the general malfunctioning check is that in the first case, only a few data are anomalous, while in the second case a significant part of the profile has apparently anomalous temperature values. The temperature gradients used in the software are 5.5 • C above the thermocline and 3.5 • C below the thermocline. We suppose that these gradient values in temperature can be compensated for by changes in salinities, the result being a vertically stable density profile, as observed in many CTD data in the Mediterranean.
-Comparison with climatology -This is done in terms of "distance" of the XBT profile to the mean monthly profile. If this "distance" is less than 2 standard deviations, the XBT data are considered of good quality, if it is between 2-4 standard deviations or is greater than 4, a flag with an appropriate value is added to the profile.
-The automated procedure creates an output file providing information in terms of quality flags associated with the profile, following the recommendations of the MedAtlas (1994) quality control procedures. An example of the procedure is shown in Figs. 9a and b , where the original profile has some spikes and is quite noisy. The final profile has no noises and is without spikes.
-Visual Check -The data are finally inserted in the Ocean Data View software (www.awi-bremerhaven.de/GEO/ ODV/) and a visual check is done rapidly. This also includes a visual comparison among adjacent profiles that assures the consistency of the entire data set. At the same time, the mean climatological profiles of the areas monitored with XBTs are shown graphically. The technician charged with controlling the data can compare the climatological profiles and the corresponding full resolution XBT profile.
It must be underlined that all profiles and each temperature value in the profile are flagged following the MedAtlas recommendations.
The example for the fourth and fifth steps in the NRT.QC.XBT procedure is provided in Fig. 10 , where each profile can be compared with the others of the same track and with monthly climatological profiles of the 1 • × 1 • squares where the profile falls. In general, profiles having a temperature significantly different from the climatology are accepted, if the profiles are consistent (i.e. there are no significant differences between one profile and the adjacent ones).
Unfortunately, not all the XBT data collected during MF-SPP can be compared with the reference climatology, due to the lack of sufficient historical data in the corresponding areas. For the MFSPP data the comparisons were done for 2213 XBT profiles over a total of 3487. The comparison shows that 1342 (equal to the 61% of the 2213) profiles were inside 2 standard deviations, while 871 (39%) were outside two standard deviations. An important result is that 220 profiles (10%) were outside four standard deviations. A more careful analysis shows that the largest number out of the 4 standard deviation profiles were collected in autumn 1999 and spring 2000 and in the Levantine basin, where climatology was computed from a poor temporal data distribution from the previous years.
An automated quality control procedure must consider all of these possible causes of errors. Among the various steps, the "general malfunctioning check" is the most delicate, since it must include a control on gross errors in the profiles and on bathymetry. The last one can be simply done using the bathymetry of the forecast model. Although not precise, it does not introduce errors in the numerical computations. More difficult is the "general malfunctioning check" in case of mechanical causes, typical of XBTs. Instantaneous stretches give temperature "fingers" which can be individualized in certain cases. The wire stretching can also induce a small, but continuous increase in temperature. This cannot be checked down to about 500 m, since the increase in temperature can be associated with the presence of relatively warmer LIW. In the Mediterranean, this check can then be applied only below 500 m.
Discussion and conclusions
The MFSPP VOS-XBT system showed that it is necessary and possible to provide full resolution data of high quality for the Mediterranean Sea with a delay of one day. In addition, a parallel stream of NRT Quality Controlled XBT can be developed to ensure a high quality data set for assimilation and climate studies.
In particular, we have shown that:
1. Data transmission: the re-sampling of the XBT profile at inflection points produces the loss of important information in the subsurface. Thus, full resolution profiles should be used at least for those sea areas such as the Mediterranean Sea (or the Atlantic region pertaining to the Mediterranean water outflow and Indian Ocean pertaining to Red Sea outflow), where temperature inversions are allowed by the compensating effect of salinity in the density. The experience of MFSPP shows that full resolution data can be easily transmitted with a maximum delay of one day, only using GSM and the Internet. Future implementation of satellite GSM (or similar systems) will shorten the delay of real-time data delivery.
2. NRT Quality Controlled XBT data management: a second stream of quality controlled data, based upon the full resolution profiles, was constructed to produce high reliable profiles for further scientific analysis.
The requirements set by Smith et al. (1999) for an operational VOS-XBT data collection system can then be satisfied with the actual technologies based on satellite transmission systems and improved quality control systems.
An automatic procedure for the assessment of real-time data by means of six quality control steps has been illustrated. The software can be operated in NRT and can filter the data from spikes due to the malfunctioning of the sensor. Finally, the profile is qualified in comparison with the climatology established from historical data sets. The comparison of the XBT profiles with climatology cannot actually be performed in all areas of the Mediterranean in an accurate way, since in some 1 • × 1 • squares there are insufficient data to calculate a meaningful mean and standard deviation.
We believe the NRT.QC.XBT procedures demonstrated in this paper form the basis for future archiving of XBT data in historical data sets, eliminating some of the problems connected with the XBT sensor malfunctioning and thus releasing an accurate data set for climate studies in the Mediterranean Sea.
Appendix A Short description of the upper ocean temperature variability from the XBT climatology
The temperatures in the Alboran Sea (area 1) water column are the lowest of the Mediterranean during the all seasons. The stratification is always present in the profiles, also during the winter period. The major variability is found in the upper 50 m, during the summer period. During winter, the western Algerian basin (area 2) has surface temperature values lower than area 1. The summer heat-ing is more evident, as well as the thermocline. The maximum variability is found at about 20 m, during summer time.
The central Algerian basin (area 3) has monthly mean profiles similar to those of area 2, but has a higher variability, especially in the seasonal thermocline. The maximum variability is found at about 30 m, as in other areas of the Mediterranean.
The Catalan Sea (area 4) is characterised by a vertical homogeneity in the mean profiles and standard deviations during the winter period. Both in winter and in summer, the temperature values below 300 metres are lower than in area 1 and 3, as an effect of dense water flowing in this area (Millot, 1999) .
The Provencal basin (area 5) is characterised by a vertical homogeneity during the winter period. The summer temperature profiles have values between those of the Algerian basin and of the northern Liguro-Provencal basin. The variability during summer is similar to that of area 4, but the depth of the mixed layer is deeper.
The Liguro-Provencal basin (area 6) has characteristics similar to those of area 5, except in the transition period from winter to summer, when there are surface temperatures (in the upper 30 m) higher of about 2 • C. Another difference is a lower variability (about 1 • C) during summer. At 400 m there is the lowest variability of the entire Mediterranean.
The centre-northern Tyrrhenian Sea (area 7) has temperatures higher than areas 5 and 6, since it is not directly influenced by the deep water formed in the northwestern Mediterranean, but by the water of Levantine origin coming from the Strait of Sicily (Sparnocchia et al., 1999) The southern Tyrrhenian Sea (area 8) has the higher temperatures of the western Mediterranean, especially in summer, when values up to 25 • C are found at the surface. The variability is quite significant and higher of about 1 • C with respect to the other portion of the Tyrrhenian Sea.
The Strait of Sicily (area 9) has the highest summer temperatures, as those of the easternmost Levantine basin. The presence of the Levantine Intermediate Water is detected between 100-300 m (Manzella et al., 1988) . The variability is significantly lower that the neighbouring areas. At 400 m depth there is the minimum variability found in the entire basin.
The amount of data in the southern Adriatic (area 11) is not sufficient for the calculation of significant mean profiles and standard for the summer period. During January-February the surface temperature is lower than below 70 m.
The northern Ionian Sea (area 12) has lower temperatures than the southern Ionian Sea (area 13a). The other sub-area of the Ionian Sea (area 13b) is characterised by an increasing variability at depth, reaching the maximal values at about 250 m. These differences are due to the path of the LIW and to the outflow of water from the Aegean Sea.
The Aegean Sea (area 14) has not been divided into subareas, although there are significant changes in the mean profiles and in the standard deviations. The temperature difference at surface between the northern and southern areas reaches 5 • C.
The sea around Crete has been divided into two sub-areas (15a and b) where changes in the profile and standard deviation characteristics are very high, especially during the winter period. The variability is quite significant, reaching the higher values at 250 metres in winter and at 50 m in summer. The winter variability is associated with the presence of LIW in both sub-areas. In area 15b there is a double thermocline in summer, which can be due to two different water masses: a local one originating from the summer heating, and the Crete Intermediate Water (Roether et al., 1996) . Also, the area between Rhode and Cyprus has different characteristics of temperature and variability and has been divide into two (areas 16a and b). In the Rhode basin the profiles do not show any winter vertical homogeneity, but has values greater than 15 • C at 300 m. The winter standard deviation is relatively homogeneous along the vertical, while in summer there is the highest variability at the base of the seasonal thermocline. East of this area the winter profiles are more homogeneous, but the variability reaches very high values down to 300 m. In summer there is the presence of a double thermocline as in area 15.
The mid Mediterranean jet region (area 17) has intermediate characteristics between the neighbouring area and, as a consequence, is spatially changing and inhomogeneous. The winter variability is quite high (about 1 • C) down to 250 m.
The area 18 is influenced by the Asia Minor current. High summer temperatures (27 • C) are found here. The temperatures are characterised by two relative standard deviation maximal values at 200 and 400 m during winter, an effect of the anticyclonic gyres affecting the area and the advection of LIW at these depths.
The southwestern Levantine basin (area 19) has the highest summer temperatures of the Mediterranean. During winter, the variability is quite high down to 400 m, due to intermediate water convection.
